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ABSTRACT : PURPOSE: To eliminate the need for the composition changing layer of a semiconductor 
for removing an electronic barrier and a spacer layer by using GalnAsSb having a specific 
composition as a p-type base layer. 

CONSTITUTION: A semiconductor 13 for an n-type Gauln^.uPvAsi.v collector, a 
semiconductor layer 14 for a p-type GaxIn^.xASySbi.y base and a semiconductor layer 
15 for an n-type Gawlni^wPzAsi-z emitter having an energy band gap wider than the 
semiconductor layer 14 for the base are laminated onto a semiconductor substrate 1 1 . No 
barrier preventing the passage of electron is generated on the Interface of GalnAsP or 
AIGalnAs used as the collector and the GalnAsSb layer of a base layer by property 
selecting a composition in the hetero junction of GalnPAs/GalnAsSb and 
AIGalnAs/GalnAsSb. 
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1 

im^^U ¥aS«^S-^±ir. nJ^T'Gau I nl-u 
Pv Asl-v (^j^fb. O^u^l, O^v^l) cm 
U!7^m^mi^mt. pJ^rCax im-xAsySbl 
-y it^LftV. O^x^l, O^y^l) CO'K— 

^^x:^^;U^-n>H^-^:yy^:^t-^Gaw I nl-v P 

2 Asl-Z {tztz\y> O^W^l, O^Z^l) OX^ 

rifl5j^J^2l #«^S«±{r, nJ^TAIuGav I 

nl-u-vAs (Tzfdiy. O^u^l, O^v^l) <Ozi 
i^^^m^^m<^mt. pJI^TCax im-xAsySbl 

l>X4^;i.4=-A>K^Y.yy$:;tr'5Gaw I nl-w P 
z As 1-2 (fzfzL. O^w^l, O^z^l) OX 5 

y ffl ^mi^m t7^mm^nx\^>^ ^ ^^^isi-r -6 a. 

[i!^^3] ¥^^^IS±{C. nJ^TAluGav r 
nl-u-vAs O^u^l. O^v^l) <7)3 

l^^:^m^'^{^mt. pm^Gax Inl-xAsySbl 
-y (rcfdi^. O^x^l, O^y^l) cr>/>^— 

(.^x:f;i.^--A'>K^-V'y7'^^-r-5A Iw Gaz In 

l-W-ZAs O^W^l, O^Z^l) ©X:5 

[ffl>f^je:S4] ^mi^^^±.^z. nJ^TGau I nl-u 
Pv Asl-v (TzfcV. O^u^l, O^v^l) on 
Ui^^m^^m^mt. pA^rCax Inl-xAsy Sbl 
-y (fcTt'b, O^x^l, O^y^l) ©'^-XIB^ 

lux:^;pc^-~ys:>H4t^.^y^;^-^^Alw Gaz In 
1-w-z As (fcT^U. O^w^l. O^z^l) COX^ 

ffia*£4»^i:ei5j:DtX5 «/^ffl^##®;0tB5S2 I n PtJ^^ 

[0 0 0 n 

[0 0 0 2] 

[Vt^(D^Wi] Gau I nl-u Pv Asl-v *5<fcU^A 1 



(2) #l«¥5-304 165 

2 

w Gaz I nl-w-z As^^^3P^«. m^cotti^!f#^±?5tfl| 

n A s ^^-X:feJ:r;:iii/^r$'{c>^^b;^c^T-n^^h 
[0 0 0 31 L-A^L, il<^*t^sKiA*>H^i'5/y (Eg 

H4^^*y>^ (Eg ) (0<fcO;*:^/ctA 1 Ga I nAs-^I 

n p ^m\i^^^':f}\^^'Tumwm^^rix^^^. 

10 [0 0 0 4] 

<£:G a I n A s nU^^iiAn^AfcfcttTJJ. nU^ 

id. A I G a I n A s ^OMtee^<keS:«AUTBfe#£ 

[0 0 0 5] C:CD«B'<0X:t-;l.4=— A*>K0i£El9JC^ 
•f, ::(DglT> EliA 1 Ga I nAsc^X^'^^ffl^^ 

a? Ga I nAsCOrrU':^^^^^^:^, wjiA I Ga r n 
As<om^^^tmX$>^o ^fc. EgE, EgB. Egm# 
Ji(Dx:*:;^4^w\-> K^i- «y r/^^fo 
[0 0 0 6] licD<t^(::. M^^^b^w^^^T^t. 

L;^j:V^^^}C;^t). X5 iS^ffi#«<*:®E*^e>i^$n 
fcSTi^^^fr^t' tCX^. JV^^-^&tteT U T 13 U ^ ffi 4^ 

[0 0 0 7] cicDm^Yk^wtm^og'^^ 

so S/ac&*tSa6TliUti* c:<7)ji{c, 0 1 0 (55<t -piCG a 
I n P A s (^X--^— tf®Y$:ffll.^Tm^{r?^-r^|S&li<7> 
^ig^^^-DTV:»^^^t>^^. ;^i5. SlO-CEttln 

[0 0 0 8] cico^fr. mi^m*5cfcD^F^>':/Xi$^iSf 
mm^k (fT ) o^ast^^^ifc^j^^^^n^o 

[0 0 0 9] ^^§^tCjfil^>^ag^it^^a3titi 
UT4^0g5|Z3 _ 3 8 8 3 S^^^ffitl^M^FS - 2 8 9 1 

[0 0 10] ^^mcoBmt. h^>>?x^(7)i}ffi^rpj 



3 

[00 11] 

'^Vv>l^7.^\t.. ^|^^#:S«±«w, n^^-CGau In 
1-u PvAsl-v {ItfzX^. O^ii^l, O^v^l) 
Onv^^m^mi^mh. pJ^TCax Inl-iAsy 
Sbl-y (fc/cU» O^x^l, O^y^l) O^-X 

v^x^-;p^— n>H=^=A'^/:/^^-r-6Gaw I nl-w P 
zAsl-z {tztti^. O^w^l, O^z^l) ©X5 

10 0 1 2] 4^1tf4^««±C, nJ^TA I u Ga 

V Inl-u-vAs (fci^fb. O^u^l. O^v^l) 
(OuV^^m^^^mh. pJ^TGax I n 1-x Asy 
Sbl-y (JtT^fb, O^x^I. O^y^l) CD^-X 

V^X:^;P4^-A>H^-\-y:/Sr^-r'£>Gaw I nl-wPz 
Asl-z (fci^fU, O^w^l. O^z^l) <DXa 

[0 0 13] ^ «E»tC. nJ^-CA 1 u G 

av I nl-u-v As ilttzV. O^u^l. OSv^ 
1) ayz}\y^^m^n<¥mt. p?^*CGax I nl-x A 
sy Sbl-y (Jttdl.. O^x^l. O^y^l) CD^ 

'<J[2:^.iX:^;^:?-A*>F4^'\'-;:/^^•r-^>A I w Gaz 
Inl-v-zAs (fc}t*U O^w^l, 0^2^1)0 

[0 0 14] ^tz. 4^»<*:Ste±iC. nJ^T?G au I n 
1-n PvAsl-v (/t^U. O^u^l, O^v^l) 
(D-nVi^^m^m^mt.. pl^-CGax InWAsy 
Sbl-y {liLflX^. O^x^l. O^y^l) <D^—7. 

iriX:^;U4^— A>H^A'y:/^J^t- -SA Iw Gaz In 
1-w-z As Uti^V. O^w^l. O^z^l) (OX5 

[0 0 15] ^e)tC. nP*^e>;^0, CI 

<^±,\zm^^ti^ziu^^m^mi/^m, ^-:^m^m^ 

[0 0 16] 

[f^ffl] ^^m\Z^^^'rum'^h'^>^J7.^\t^-7. 
jatrGai I nl-x Asy Sbl-y ^fflV^SC.i^g'fe 

[0017] Ga I nPAs/Ga I nAs Sb*5<fct/ 
A I Ga I nA s/Ga I nAs S b'N-T^nSJ-g-Ctt, 
jaril€:S8^lta-$;c: t J: 0{««^<ox:?;;|.=<=-:^MlK 

(AEc ) iA'4kT&'ti>m2\z^tX'Dti7.^i5-Ym 
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TfllVi-SGa I nAs Pt>U<ftA 1 Ga I nAs 

— XBCOG a I n A s S bStOJ^StCiS^cDiSia^^tfS 

[0 0 18] '^-XStUTG a I n A s S b^£ 

EC $;£ii»aHTia:ffhT#«>ta:t>jc, -c-j^ffTwrn 

1 r - l^^x^^ 

10 [0 0 19] ¥W*^S«€rI nPtU^tOT. 

[0 0 2 0] 

[ll$g^] 

C^JSWiD iaifc*%§gic<fcS'\^n^'&h^>>^x 

^<D^ 1 <^^JS6f9i&^r. I n V<D^^^<D^m{^m 
1 l±tCn+ SIT. I n0.53Ga0.47AsOSg2-y-3^ 

[0 0 2 1] ^fc, ^2^^ziu^^m^^^m\2- 

20 2±(C. n+ T I n P(Dmi-y-:/n 1 2 - 1 

n5!|-ei nP^ZiP^iS'^^^^l*:®! 3^:, p+ 35TG 
ax I nl-x Asy Sbl-y (IWtUT. x = 0. 8 
0. y = 0. 6 9) 0>^-7.^^^^mi4ti)m^. 

m 2 v-zfn u ^ ^m^mm 12-2 <r>^m^-^^u 

[0 0 2 2] ^-Xffl¥SS^*^ei 4tCnSlTl 

nP<DXSy:5^ffli|£«{$:®l Si:, nS!TInP:feJ:r/ 
I n0.53Ga0.47As<D2t5(^>X^ -y^mS^^^^^^*: 
® 1 6 ^cfclX 1 7 td^MS^iJc. '^-;<^^4»(*:® 1 4 <D± 

^. ^fc> fg2lt3/3l/'^i$'ffl^^^® 1 2-2»C> 

1 %i^^—^v^\z^'^tvx:\^^^. 

[0 0 2 3] ^e^lC. '^-Xffl4^^#:Jil 4{C. ^©Ji 
^^»17tC, •eO±M*C43UX. X^-y3^mffi20*^ 

[0 0 2 4] ij^<r>^^m\\z^\^^jL^v^. 
40 X. ziu^^^^<D:sL:^)V^'~ny\^mm.\t^2(D^o 
\zur>x^^^. ziv-^^m^m^mi ^^z^-'xm^m^ 

1 ^^r^X.^)V^-^^v':f (Eg ) C0:fe€?a: I n 
P«rfflV^Tl>S«r'foAi3&^*3^-r0 2<OJ:dt3'<-X • 33 
U- 1^ ^ M J r «mT Jtr ^ |S?^:^>t^ ^ U 7^ I. i ^ J6 X 
^U^-^i-^yy (Eg ) CDA^;:t I nPaU^^iZ^O 

I n A s/Ga I n A s «3t>t}g^C0 h ^ > vX5^C7>i» 

-^oi. 5 V3e^trJt^2~3f&JKjl±r^±U;^*te,, h 
^>>?X5'(D I c-Vce4^ticOjZ±0'b«i:<, ^n^m 

50 mmmzrji-:>xh^^ikmmn(DW>ufx<. « 
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nmmmmm}^^ (fi ) (D^mu<&Thi 05 a/ c 
c 0 0 2 5 J zto^o \z}Si-s&mmstm^^\^^x^mt^m 

10 0 2 6] 4(^Gax In 

1-x Asy Sbl-y tC*5V^Tffi^x, y^^<k3-l3:> X 

y ^1^-C\tX^^)V^-=^^^ y ^ (Eg ) ?&^::lc^<=lU 
^ ^^IZ^^i^^-dT^^ rc/jN^ < J; 3 tcT^ d t \Z^ 

[0 0 2 7] e:cO|^]!SWi. 1 tUTI n 

P ^m^^Tc^l^1^^m'^$>^i)^^ 1 1 i: LT 

GaAs-^S i^OtecD«l^«:ffilifc^v='axtf«l5g'^ 

[0 0 2 8] e:oilJg«»mi. ni^^s^m^mw 

mi zh:i:.^v^m^%^m\ stsv^-rn^i np^^ 

(/iXVi-STi?, ^n^^liGa 1 n F AsT^^Tt)J:t^i. 
-ftS^TAUttf. ::iVi;^m^^WmiZ\t. Gau I 
nl-u P y A s 1-u itztzV. O^u^l. O^u^ 
1) . :r.^^y^m^^m•i^m^ StJCaw I nl-w PzA 
sl-z ircfcV. O^w^l, O^z^l) ^i^^-So 

I I nAs<Df^l-^:/:3U^^m^^^^i^m'V$>0. 23 

+ ^TG a A s S h<D^-xm^m^m'T^$>^o 

[0 0 2 9] AlU^mm2\Z^if^JL^y^, ^-X. 
n ^ ^^g5ox^;i.^-A*> H^ittia 4 co J; ^ 

f|te«^^^:^^:3^^U>i^^. ^ft. a l I nAs«I n 

P<kO$^Jcx4^;p:^-4^r^;/y (Eg) i)^i^^\.^tzisb 

^mm 1 co^^j; K) -^i^iz^^u h^>z^:7.^m&^^n 

[0 0 3 0] Sfc. Ic -Vce1t14cD32:JiD#14fc^ ^' 

Tz.. nmmmmm^ik (fi > {z':^\.^x^mmmiiz 
it^^ tif^^m\z\tt>'rMz9^^/)m^(Dmmmmi^tti 

pJig"Cf*o/2:. '^-Xffl^?»^Ji2 4^Gax I 

nl-x Asy Sbl-y IzV. mkJix. y^i^Yb$-a-» X 
5 5/i5'i|ST«X:^;P=!^«-^ii^>>7^ (Eg ) i}^:kn<ziU 
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^^mzr^^^^ T^4? ic/jN^E < ^^-s ct ^ f ^ c i 

[0 0 3 1] CCO^lS0fti, 1 1 1 I n 

PS-fflVi^cl^TS^I^-e*^**. 1 tUT 

GaAs^S i ^(^^O^I^f^&^V^^^'NT^-nxtriPig 

[0 0 3 2] fz^, z:.<Dmmmx\t. nv^^m^m^^ 

S2 3CA I T n A s ^^^X^^^ifi. —mzUA \ u 
Ga i> I nl-a-y As (fc/fb. O^u^l. O^u^ 
1) T«fc<. X^-z^'ffi^S^^l nP^ 

^infeG aw I nl-w P z A s 1-z (r^T^i 
O^w^l, O^z^l) Tfenti^l^o 

(^Jfiws) mb\z^nm\zx^^T'U^'^h'^yi^7. 
^omz om:mm^^t. m i ^(on^.m^iznm-n 

20 ^■^{^x.xmmmm.'^m^^. 32-1 iin+ mx. 

A\ \nA%Q>%\^^ZiVi7^m'^^^mxh^. 3 
SKnSlTAl I nAsOnV-^^'ffl^^^lc®, 3 4tt 
P+ ^TGaO.gSI n0.02AsO,53S b0.47(^^— Xffl 
¥4I^*=®> 3 SttnMTA 1 I nAs<0X5!7^^¥^ 
<*clT$>0, 3 6J±n+ |@TA 1 I nAs<DXa^^« 

[0 0 3 3] JbtH^Jfi|a»3fC:j3ttSX5^^^. ^-x. 
n 1/ <^ a-g5<;ox:^;i.:^i-/>c> ^(D^^tm 

3Z? mmtXk^hjE^^\^U\,^. ^tz.. Al InAsttIn 
PJ:0$6tcx^;U^-^vy::>' (Eg ) fi^Kn^^^tz 
«e>, ^JS«l©«^iD^etC±^;&:h^>v^Xi5'itff 

tm^txfz. 

[0 0 3 4] ^tz. Ic -Vcc4#14c05i±?)#tit>^«= 

-gifSt^iJ^igRFr^^iac (fT ) \z^\^X-h'^mm\\z 

pJ^T^-^rc- Src. '^-Xffl^i»«c©3 4$:Gax I 
nl-x Asy Sbl-y icb, ilft^tEx. y^^fb^-&. x 

40 ^v9^Xn:3L:^)V^-'^-cV^ (Eg ) 7!>t:^#<3lx 

[0 0 3 5] ;iCD^JS0!jti. 1 tUTI n 

PS:fflVi^c^&^^^?^'e^^;0^ ^^^Stel ItbT 
GaAs-^S i ^CDteC0«?4*ffli.ifc'\xDXtri!IB'^ 

W^x^itm c7)B i&^T ^ "fn-i X ^ig -^rn x 
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[0 0 3 61 c:a>3*<j60ijrtt, ni^c^^m^^mi^ 

« 3 3 (C A ! 1 n A s ^rfflV^Tlri^Sj^t, —1K\Z\t. A 1 
uCa u 1 nl-u-uAs (/t/cLv O^u^l, O^w 
^1) T<t<, X5 ';;i$'ffl^^ftja3 5JCA 1 I 

n A s ^fflL^>5:7^«. ZinJiAlwGaw Tnl-w-i As 
(tTt'L. O^^w^l. O^z^ 1) T*nJfJ:Vio 

^•^Hvx¥^misim\tmi^r^. 4s\tnmT. ai i 

CO 0 3 7] ±fldnmm4{Z:^if^JL^y^. ^-X, 

1 4<tOX:?^JP4^-=?-V'-/y (X:^;P^-^^»yy (E 
g ) ) n P$r^l.iTVi<5JCt>35^;&>fce'rBI8 

ft^.L;ftii;tiC), x:*^;i.^-=^=^!yy (Eg ) 

— T./ni^iP^i^GBi I nAs/Ga I nAsCOa^^^ 

U l.f^ LL;^*t^:i. h^>>?X^CD Ic -Vce^tt<DS: 

«:1>1^?^^<, ^fc. ^tS^Jj^iil^igg^ll: (fT ) iO^m 
Kt> 1 05 A/cm2 @aga)«fi£^^^«Ttti5^^ 

CO 0 3 8] z,(D^'D\z. 'mmmnm^m^^ ifi) 

CO 0 3 91 ^tc. ^-Xffl^^f*:® 1 4<0Gax In 
1-x Asy Sbl-y «C;l3l^Tfflj3tx, yS^^^^. X 

5 y5'^T-JiX:^^;U:^-:^2^.^^ (Eg) i!)ii^i^<uV 

^ iffi Jc r«i;&^ o xe^ ^ tc/jN $ < ;^ -5 ck ^ -r -5 ;i t J: 
[0 0 4 01 C<7>^*S«?9fi, 1 1 i Ur I n 

G a A s s i %(Dm(r>mn^m^^tz^^u:z\^m^'^ 

CO 0 4 11 ^fc. C<Z)^Sfe«»jTtt. nU-^^ffi^^^^: 
Si 3tCI n P^^l^Tl^^T^^^ — «gftti. Gau I n 
1-u Pt>Asl-u (rafdU. OSiuSl, O^u^l) 



Tck<. X5 5/i$'ffl¥^«:®4 5tA I In As 

<&fflViTI.^'&7&^ cn^— ^etCJiA 1 wG aw Inl-w- 
2 As O^^w^I, O^z^U T^nfi 

[0042] 

^-\-!y:/<D:fe^>iGa I nPAs-^A I Ga 1 nA 

s¥^mi^i^nt:m^^^^7-am^h^>z^7ts^\z:h\^^ 

20 T, pS^'^-xetbTGax I nl-x A s y S bl-y 

[0 0 4 3] ^it. ^-x • nUi^iS^jS'g-gg^^x^jJf- 
(fT ) ©m«3&:<ST'bl 0 5 A/cm2 i^COlg 

[0 0 4 41 -^C^SZ. ^-Xffl#^<4c®tl^TGa I n 
As Sb€fflVi-5::t»rj:r)> >^li<Dtl^BHHIj*fc 

L^rax^;p^~ll^:^#<-r^e:ti:;«^^pl|g<h;^0. S9I 

^ [iaffi(^fSm^92^1 

[0 1 1 im^<D^ 1 (7>^«^5:^T^®IIS0-Ca&^. 

[0 2] ;^^9g<z)^ i<^^SS^t;i:fett^>x:^;i/=f-/\*> 

[03] 2^5g?^0^2<Z>^S£«?9$r^'r»r®ll&ar*«. 
[04] 3ls:^^0[>m2<D|l5gWl'i5^t'5X^;i.:¥-/t> 

[0 51 2*5:%§«OSg3cD|y6^S:^-r»fffiKS-efe^. 
[0 6] *»?go3l3<O^Jfi«^tC:feJt*X^;U:^i-A> 

H0-e$»^. 

^ [0 71 i^^m<r>'^AQ^%m^^7ictmwmx^^. 

C0 81 5t;^§gcDm4<D^j5S#3fci5Jt*x^;u^-A'> 
K0Ta&*. 

[0 9] €e3l5CO^-X • ^^'5^^^ralCI^2g>^b^^:^f 
^l5^:/;^^'7^P«ligh^>vX^<3!>X:^;^^-A> H0 

[0 1 01 !¥5fcco'^-X • n l^^4^[ia(cX^-lJ-B$^ 
-r^i5^:/;u^7^D«ii6h^>':^x^<75x:t';i/4=-y^> K 

0T*^, 
50 1 1 
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12-1 w.i'^yziu^^m^m^m 
12-2 ^2^':rni.c;^m^mwm 
13 nu^^m^m^m 

15 j^^y^m^'^wm 

17 j^^y^nmnm^m^m 

1 9 '^C-XM 
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2 0 JL^y^^^ 

22-1 mutrnu^^^m^mi^m 

2 3 ZiU'i7 5^^^^#lf 

2 4 -^-Xffi4^*<^© 

32-1 f^ii)":fnui^i^m^mi^m 

3 3 

3 4 -^-Xffl^^{*:)i 

3 5 X5>>^ffii#i^lf 

3 6 X5-y^mffi#^¥*#:Jg 
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